This work aims at the better comprehension of epidemiology of ICU infections, using a classification based on the carrier state of the patient. This classification distinguishes the infections in primary endogenous (PE), secondary endogenous (SE) and exogenous (EX) infections. The material used was derived from ICU patients who were admitted to the ICU without being transferred from another ward of the same hospital or another hospital. Culture swabs were obtained from the pharynx and perineum of the patients at ICU admission and from then onwards every 3 days during their hospitalization. At the same time, cultures of clinical samples were carried out, on suspicion of infection. Ninety-six ICU patients were studied. In 31 of these, a total of 78 infections were developed. According to the proposed classification, 26 of the infections were PE (rate 33.3%), 34 SE (rate 43.6%) and 18 EX (rate 23.1%). Using the carrier state criterion, there were 11 fewer infections characterized as nosocomial (rate 14.1%), contrary to the 48-hour criterion. Based on this new taxonomy ofinfections, we are able to know in advance the source of the causative microorganisms and reduce the prevalence of ICU infections, by applying appropriate prevention and treatment strategies.
Infections occurring in the hospital environment are one of the major factors affecting the duration of hospitalization of patients and outcome of their treatment. The hospital-acquired (nosocomial) infections constitute one of the major issues which trouble global health (1) . They affect two million patients (5% of hospitalized patients) in the U.S.A., leading to 77,000 deaths and costs of 4.5 billion dollars each year (2) .
This problem becomes more intense, especially in the ICUs. In a French survey in 1996 involving 58% of total hospital beds nationwide, a total rate of 6.7% of nosocomial infections was found, whereas in ICUs this rate rose up to 22% (3) . Other studies report rates of nosocomial infections which vary from 13% to 42% (4) (5) (6) (7) . This high prevalence of infections occurring in the ICUs is related to the special conditions in these hospital sections and to the high-risk factors for infections in ICUs, such as the use of intravenous catheters, urinary catheters, mechanical ventilation, endotracheal intubation, tracheotomy, long-term use of antimicrobials and steroids, etc. (8) .
Controlling infections occurring in the hospital environment, consequently in the ICU, can be achieved through the classification of infections into categories according to certain criteria; this process is crucial for the infection surveillance programmes, in order to control the nosocomial and especially the ICU-acquired infections (8) (9) . The classification of infections which is applied nowadays and conforms with CDC (4, 10), is based on the 48-h cut-off, starting from the admission of the patient to the hospital (II).
According to published studies, a 'new' classification of nosocomial infections is proposed. This classification does not depend on the time of onset of the infection, but on the carrier state of the patients and manifestation of infections in these patients (8, 10, (12) (13) .
MATERIALS AND METHODS

Definitions
According to the traditional 48-h cut-off, three types of ICU infection are defined: Community-acquired infection is infection occurring in the community, but manifest on admission to the ICU. Hospital-acquired infection is infection present on admission to the ICU in a patient from another ward or hospital. rCU-acquired infection is infection that develops in the rcu, but is not clinically evident at the time of admission to the ICU. The 48-h cutoffis used to distinguish community-and hospital-acquired infections from ICU-acquired infections (8, 13) . For the better understanding of this proposed classification, the following definitions are used: Carriage (or carrier state) is defined as isolation of the same strain of microorganism (in any concentration) from at least two consecutive surveillance samples over a period of at least one week (8, 12) . Three types of rcu infections are defined using the carrier state criterion: Primary endogenous (PE), secondary endogenous (SE) and exogenous (EX) infections. A PE infection is caused by community or hospital-acquired potentially pathogenic microorganisms (PPMs) carried by the patient in the throat and/or rectum on admission to the rCu. An SE infection is caused by PPMs acquired during rCU-stay. EX infections are caused by PPMs introduced into the patients from the ICU environment, either animate or inanimate. Bacteria are transferred directly into an internal organ, without previous carriage, so that surveillance samples are negative for the microorganisms found in diagnostic samples (8, 12) . PE infections refer to community-acquired infections, whereas only SE and EX are 'true' ICU-acquired infections. The pathogenesis, however, of these two types of rCU-acquired infections is quite different. SE infections are caused by PPMs which are acquired in the rcu, colonize patients and cause the infection afterwards. On the other hand, EX infections are caused by l'Cl.l-related bacteria, which do not colonize the patient.
Aim
The aim of this project is the epidemiological study of infections occurring in the ICU, using the carrier state criterion. In particular, the study of infections and the carrier state of the ICU patients (i) allows us to distinguish the 'imported' microorganisms from those acquired in the ICU, through the suggested classification of the infections, and (ii) helps to avoid unnecessary procedures for diagnosing infections, thus contributing to the reduction of infections emerging in the ICU. All these offer us a more realistic aspect of the epidemiology of infections occurring in the ICU.
Subjects
Patients admitted to the 1st ICU of the General Hospital "G. Papanikolaou" in Thessaloniki, Greece, from 1 November 2005 to 30 October 2007, were enrolled in this study. All studied patients were admitted directly to the ICU and stayed for at least 10-12 days; patients from other wards or from other hospitals were excluded, therefore, no hospital-acquired infections were documented. Also patients with ultimately fatal underlying disease were excluded. These restrictions were applied in order to investigate the patients' own flora, without any intervention from the hospital environment (such as use of antibiotics), which can alter the patients' carrier state prior to admission to the ICU.
Methods
Surveillance samples of throat and rectum were taken from the patients on admission and thereafter every 3 days during their stay at the ICU, i.e. a total of 3-4 samples each of throat and rectum. Samples were taken with Stuart transport swabs (Nuova Aptaca, Italy). Afterwards, they were inoculated onto Columbia blood agar 5%, MacConkey agar, Mannitol salt (Chapman) agar. Plates were inoculated at 37°C for 24 hours aerobically.
Diagnostic samples, i.e. blood, tracheal aspirates, sputum, urine etc, were obtained when clinically indicated. Inoculation was performed as described above and Chocolate and Sabouraud agar were used when needed. Blood cultures were performed in the Bactec 9240 (Becton Dickinson, USA).
The automated Vitek 2 (Biomerieux, France) system was used for the identification of the microorganisms and susceptibility in antimicrobial agents.
RESULTS
A total of 96 patients were studied. There was no manifestation of infection in many of them, other patients died due to the severity of their underlying disease and others were transferred to another clinic due to improvement of their clinical state; as a result there was no surveillance sampling in those cases included in the study. Thirty-one ICU patients (rate 32.3%) suffered one or more infections, with a total of 78 infections emerging in the ICU. There were therefore, patients who developed more than one infection.
The general characteristics, underlying diseases of the study population and risk factors are displayed in Table I .
Depending on the site of infection, 41 cases of bloodstream infections (52.6%), 18 respiratory tract infections (23%), 7 episodes of central nervous system infections (9%), 5 urinary tract infections (6.4%) and 7 other types of infection (9%) were documented ( Fig. 1 ). According to the proposed classification, 26 of the ICU infections were categorized as PE (33.3% in total of 78 infections), 34 infections were SE (43.6%), and 18 infections were EX (23.1%) (Table  III) . Therefore, there were 33.3% communityacquired infections (PE) and 66.7% ICU-acquired infections (SE and EX, which account for 'true' ICU-acquired infections). Table IV compares carrier state criterion versus 48-h cut-off. Based on the carrier state criterion, 66.7% of all infections are considered as ICUacquired . If the same group of patients were studied using the traditional CDC criterion (48-h cut-off point), 80.8% of all infections in the ICU (63/78) wou ld have been identified as ICU-acquired, because they developed at least two days after admission.
The following chart displays the relationships between microorganisms and infections according to the carrier state criterion (Fig. 2 
DISCUSSION
Nosocomial infections are considered to be an important issue in hospitals and their prevalence is an indicator of the quality of the healthcare provided (14) . Control and surveillance of infections are therefore necessary for the clinics, especially ICUs, in order to determine endemic rates, detect outbreaks and support effective control measures (15) (16) . The role of the Microbiological Laboratory is essential for the nosocomial infection surveillance systems (1, (17) (18) , by collecting data from ICUs and processing it for epidemiological purposes (1). Classification of infections is a rather useful tool for investigating infection episodes, especially in the ICU. The traditional time cut-off has been used in many studies from a practical point of view (4, 15, 19) . The 48-h cut-offpoint was introduced following the common experience of specific incubation times associated with highly pathogenic microorganisms (8, 10) . Though it assists in treating infections, this classification raises some practical problems (8) . For example, if an infection emerges in the ICU and is caused by a microbe carried by a patient on admission to the ICU, then this infection cannot be considered as a nosocomial (ICU-acquired) one, although it develops after 48-h, because the causative microorganism does not originate from the ICU ecology.
Awareness of carriage in long stay patients can provide a more realistic insight into the epidemiology of infections occurring in the ICU (8, 10, 12) . The above is achieved with the consequent sampling of throat and rectum from the admission of the patient and afterwards every 3 days (surveillance samples), and further evaluation from the Microbiologic laboratory. On the other hand, identification of bacteria isolated from infections in ICU patients (diagnostic/clinical samples), in combination with the carrier state, enables us to categorize infections using the new classification.
The application of the new classification bears more advantages in surveillance and treatment of infections occurring in the ICU, compared with the traditional taxonomy, which is based on CDC definitions (11):
1. Through surveillance sampling at the time of admission and throughout the ICU stay, 'imported' (community-acquired) PPMs (responsible for PE infections) can be distinguished from bacteria acquired in the unit (causing SE and EX infections). Using the time ofonset ofthe infections is an insecure method for identifying ICU infections, therefore, we cannot rely on the CDC definitions for distinguishing imported ICU-acquired infections. It is not possible to determine with accuracy the incubation time of the microorganisms because it is unknown when and which pathogen infected the patient.
In our study, one third of the ICU infections, which were community-acquired infections, were caused by 'imported' microorganisms, while two thirds were 'true' ICU-acquired infections (caused by PPMs derived from the ICU ecology). If the time criterion was applied, 80.8% of all infections would have been misclassified as ICU-acquired, although 11 of them were caused by bacteria carried by the patient on admission. The proposed classification was also applied in a previous study with similar results (8).
2. Knowledge of the carrier state enables ICU specialists to be aware, beforehand (at least 48 hours earlier), of the PPMs which can cause infections in the ICU. Infections are treated successfully and in time, if the correct choice of antimicrobial agents is made. In this way, we can control and reduce the number of multi-resistant bacteria, which abound in the ICU environment by using antibiotics reasonably. On the other hand, the traditional classification is based only on diagnostic samples obtained in case of infection, in order to isolate the causative agent. Therefore, the use of the 48-h cut-off would have delayed the diagnosis and appropriate treatment of infections developed in the ICU, as identification of microorganisms is performed after the occurrence of infection.
3. In particular, the novel classification suggests that each of these three types of infection require different control measures. Hand washing cannot be expected to control PE infections because it fails to clear oropharyngeal and gastrointestinal carriage of PPMs present on arrival (13) . Transmission of PPMs is not involved in this type of infection, therefore healthcare-workers cannot be blamed for PE infections (8, 13) . Adequate parenteral antibiotics given immediately on admission to the ICU reduce the incidence of these infections (20) (21) . On the contrary, SE and EX infections are due to bacteria deriving from the ICU environment, such as A. baumannii, which causes lower airway respiratory infection due to contaminated equipment for mechanical ventilation (8, 22) . Our study showed also that A. baumannii prevailed among infections in the ICU (Table II) , and was mainly isolated from SE and EX infections (Fig. 2.) . These infections can be prevented by maintaining high levels of hygiene in the ICU or the hospital. The simplest and most effective means of achieving this goal is hand washing (23) . Apart from the simple guidelines for proper hand hygiene, control of infections should include surveillance programmes for reporting and evaluating infections, lectures and written guidelines for continuous training ofhealth-care workers, which comply with the SENIC study (24) .
In our project, 'true' ICU-acquired infections were found to be 66.7% of all ICU infections (according to the carrier state criterion), a fact which highlights a transmission problem in the ICU setting. The use of the traditional approach would have magnified the nosocomial infection problem in the ICU; 11 more infections (14.1%) would have been reported as ICU-acquired leading to unnecessary cross-infection investigations and further expenses.
In conclusion, classifying infections based on the patient's carrier state offers us a better comprehension of the epidemiology of infections occurring in ICUs in comparison to the 48-h cut-off by CDC. Only the use of surveillance cultures allows to distinguish 'true' ICU-acquired from community-acquired infections and thereby the early implementation of appropriate prevention and treatment measures.
